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Productivity is a vital factor in the United States
position in the world today as well as the place of
a company in its own industry. Therefore, it’s im
perative that measurements be accurate for any —

RISES IN PRODUCTIVITY
by Thomas S. Dudick
Ernst & Ernst

RODUCTIVITY - stated in its
erably less dramatic increase in
baldest terms — is the interrela
terms of value outputs—the ma
tionship between quantity or value chines that extend the workers’
of input and quantity or value
abilities cost money, too. That’s one
of output. When output increases
of the reasons backward nations
faster than input, there is a pro
remain backward. Their productiv
ductivity gain. If output should de
ity gains are low because they lack
crease, in terms of input, there is
the capital for labor-saving ma
a productivity loss.
chines, not because their labor force
So far that is simple enough. But
isn’t willing and hard working.
from that point on, the ramifications
Since they can’t raise output rap
can become confusing. For exam
idly, they can’t earn enough cap
ple, the introduction of automation
ital to modernize their facilities and
will generally cause a spectacular
they can’t raise their standard of
rise in output — as long as input is
living. It’s all a vicious cycle.
considered in terms of man-hours
Productivity can be measured for
alone. It obviously means a consid
an entire nation or it can be iden

P
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tified for segments of the economy.
As in any type of statistical measure
there are intangibles that defy ex
pression in terms of a statistic. The
productivity improvement of a na
tion can be expressed as, say, 3 per
cent per year. But this figure on a
national average will include the
cost of welfare and pollution con
trol devices—a negative output—as
well as government services and
the military, which are both forms
of positive output, even though the
last may be morally wrong.
Measurement of productivity in
creases becomes much simpler and
more definitive as smaller segments
19

Automation can mean a spectacular rise in productivity—in terms of man-hours alone. It obviously has a far less dra
matic effect in terms of a rise in the input value-output value ratio since machines cost money, too.

of the economy are considered be
cause the effect of many of these
intangibles is usually not consid
ered. Manufacturing is a good ex
ample of this. But even here we
face problems. We have already
mentioned the effect of automation
on increasing the volume of output.
There are other methods that can
increase productivity by cutting
costs (the economists’ definition of
productivity). Use of sonics or
lasers for cutting material, for ex
ample, can reduce waste and losses
characteristic of more conventional
methods for cutting. More efficient
use of material, use of lower cost
material, better buying practices are
some of the other techniques that
can result in lower unit costs for
the product. On the other hand,
increased productivity of labor
through automation can sometimes
result in higher unit costs of ma
terial because material specifications
will have to be tighter.
In other words, there is no one
way to measure an increase in pro
ductivity. Even indirect or overhead
labor can become more productive,
but here again the increase is apt
to be due to use of labor-saving
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machinery rather than more effi
cient use of man-hours. An illustra
tion would be the introduction of
an automatic sweeping machine to
replace indirect labor employees
sweeping by hand. Another would
be the use of an automatic elevator
rather than one operated manually.
Methods of measurement

There are — obviously — differ
ent methods that can be used in
measuring productivity. Some of
them are quite simple and appro
priate for the simpler, one-com
pany or one-industry situations.
Let’s review four of them. The
choice of the one that is most ap
propriate for the particular activ
ity, whether it be manufacturing or
a service activity, must be a matter
of judgment as to which method
fits best. Those that will be con
sidered are:
1. Sales basis
2. Units of output
3. Weighted units
4. Productivity trend control.
Sales basis — This is a broad
measure that uses adjusted sales as
the measure of output. The sales
dollars for each period (annual
periods are assumed in this in
stance) are reduced by the price
index to adjust to constant dollars.
These adjusted sales in terms of
constant dollars and any change in
sales costs that have occurred in
the period are then divided by total
production man-hours in the period
so that sales output per man-hour
can be compared from one period
to another. The figure for four time
periods for a small labor-intensive

processing company are shown in
Exhibit 1, page 21.
This method will provide a meas
ure of productivity for the company
that has fairly homogeneous prod
ucts in its line and a fairly constant
product mix so that man-hour input
is not complicated by short pro
duction and excessive changeover
and preparation time.
The next method illustrated deals
with output in units rather than
sales dollars. It might be used
where complete, separate units are
the product — pairs of shoes, bar
rels of beer, automobiles — rather
than a continuous flow product as in
a petroleum refinery for instance.
Units of output. Units of output
when available are preferable to
sales as a measure of productivity
because the inaccuracies due to
application of a broad price index
are eliminated. The units of output
method for a small factory produc
ing standard products is illustrated
in Exhibit 2, page 21.
While this method eliminates the
distortions that can result from the
application of a broad-based price
index, it still assumes, as did the
previous example, that the units
produced are fairly homogeneous.
The next method provides the
means for equating for product dif
ferences.
Weighted units. This method
gives effect to the differences in
products by using the standard
man-hours required to produce
each one. Each period’s output is
weighted by multiplying the pro
duction of each separate product
by the man-hours required to proManagement Adviser

Sheer volume of production has a significant effect on productivity. At high volumes many workers can run two or
more machines simultaneously. At low volumes there is no need for more than one machine. The individual worker's
productivity drops radically even though he's working at the same efficiency.

duce it. Of course, if there are
changes in methods used to produce
any given product, this factor and
a possible apparent increase in
labor efficiency must be compen
sated for. Therefore, all standard
labor hours should be based on the
old standards applying before the
change in methods. See Exhibit 3,
on this page.
This method provides an overall
measurement of productivity, which
management can refer to in evalu
ating progress. However, the avail
ability of standard man-hours
(earned hours) can provide more
detailed information for control
through the Productivity Trend
Control Report which will be dis
cussed next.
Productivity Trend Control Re
port. It should be apparent by now
that all measures of productivity
rates are a mixture of several fac
tors: actual changes in manpower
efficiency, changes in work meth
ods, changes in raw materials used.
But there is another mixture of fac
tors that’s important too. Produc
tivity is also affected by sheer vol
ume of production. A very simple
example will illustrate this. At high
volumes, many workers can run two
or more machines simultaneously.
At low volumes, there simply is no
need to run more than one machine.
November-December, 1972

The individual worker’s productiv
ity — output in terms of manpower
input — drops radically, yet he’s
actually putting in the same hours
he always has and working at the
same relative efficiency.

We can reduce this relationship
to figures (we often have) and it
has proved invaluable in industries
where the work force is highly
skilled and cannot easily be dis
missed and rehired as business con-

EXHIBIT I
Period 1
Sales
Price Index

Period 2

100.5%

100.0%

Period 4
$120,000

$105,000

$102,500

$100,000

Period 3

101.9%

106.9%

Sales adjusted to
constant dollars
Man-hours

Sales output per man-hour

100,000

102,000

103,000

113,300

5,200

5,200

5,150

5,500

$19.23

$19.61

$20.00

4-2.0%

4-1.9%

+3.0%

$20.60

Per cent change

in productivity

EXHIBIT 2
Period 1

Period 2

Period 3

Period 4

Units produced

2,400

2,450

2,500

2,750

Man-hours

5,200

Units per man-hour

5,500

5,150

5,200
.462

.471

.485

+1.9%

+ 2.1%

+ 3.1%

.500

Per cent change

in productivity

EXHIBIT 3
Period 1

Period 2

Period 3

1.980

1.945

1.907

Period 4

Weighted man-hours

per unit
Per cent change
in productivity

+ 1.7%

+ 1.9%

1.851

+ 2.9%
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ditions dip and then improve again.
The productivity trend control con
cept discussed below shows how
productivity can be monitored on
a fairly frequent — weekly, month
ly, or quarterly — basis to reflect
this relationship and to provide data
that is far more actionable than the
broad overall measures discussed
earlier. See Exhibit 4, below.
The figures included in this re
port represent actual results in a
company using such a report. Note
particularly how the efficiency in
dex for the workers increases from
Period 1 to Period 4 as total volume
of output increases. Yet they’re the

same workers using the same meth
ods. The difference is that there is
greater flexibility in using the labor
force and efficiency frequently im
proves as the backlog of work in
creases.
Explanation of the Productivity
Trend Control Report.

Scheduled Earned Hours—The
purpose of this column (which
is not filled in), is to indicate
the desired level of production.
A comparison of the scheduled
earned hours with the earned
hours produced would provide
information as to the attain-

EXHIBIT 4

PRODUCTIVITY TREND CONTROL

The figures included in this

Productivity Trend Control
Report represent actual

Direct (Productive) Labor
WEEK
ENDED

EARNED HOURS
Scheduled

results in a company using

(1)

such a report. Note particu

larly how the efficiency
index for the workers

increases from Period 1 to
Period 4 as total volume

of output increases. Yet
they’re the same workers

using the same methods.

Produced

Period 1
Total

Actual
Houts

(2)

Direct
Charged
to
%
Eff. Indirect

(3)

(4)

%
Total Earned
Actual of Total
Direct Actual
Labor
Direct
(5)
--- ---------

(6)

2,608

3,348

77.9 5,073

8,421

31

173
674

86.7
175
74.9 2,370

375
3,270
3,479

46
26
40

1,297

32

8,013

34

A
B
C

1,349

200
900
1,664

D

412

584

81.0 1,815
70.5
713

2,601

3,364

77.3 4,649

A

164

186

88.2

186

372

44

B

682

928

73.4 2,160

3,088

22

C
D

1,428
327

1,766
484

80.8 1,560
743
67.6

3,326
1,227

43
26

Total
A

3,020
193

3,700
213

81.6 5,011
180
90.9

8,711
393

35
49

B

1,013

1,205

84.0 2,330

3,535

29

C

1,222

1,493

81.8 1,690

3,183

38

D

592

789

75.1

811

1,600

37

3,529

3,886

A

200

193

90.8 4,407
158
103.7

8,293
351

42
57

B
C

1,070
1,739

1,060
1,880

101.0 2,129
92.5 1,465

3,189
3,345

34
55

D

520

753

1,408

37

Period 2
Total

Period _3

Period _4

Total

22

69.2

655
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ment of the production that
was required.
Earned Hours Produced (Col
umn 7)—The production in
each of the cost centers has
been extended by the standard
or earned hours. The earned
hours are based on time studies
made by industrial engineers.
Actual Hours (Column 2) —
Shows the actual hours of di
rect labor required to achieve
the production. A direct com
parison can be made of the
earned hours with the actual
hours.

EXHIBIT 5
Conversion
Cost per

Earned

Total
Conversion

Hours

Cost

Hour

$20,106
969

$7,710

7,580

11.247

Earned

Period 1

2,608

Total

5.590

A
B

173
674

C

1,349

D

412

8,405
3,152

6.231
7.633

2,601

19,297

7.419

959

5.861

B

164
682

7,256

C

1,428

D

327

8,150
2,932

10.631
5.707

Period 2
Total
A

8.957

Period 3

Per Cent Efficiency (Column
3)—The earned hours in Col
umn 1 are divided by the ac
tual hours in Column 2.
Direct Charged to Indirect
(Column 4) — This column
shows the number of direct
labor hours that were charged
to an indirect labor category.
Some of the classifications mak
ing up this category are: lack
of materials, machine break
down, tools in bad condition,
cleaning up, and no standard
available.

Total Actual Direct Labor
(Column 5)—Shows the total
hours of employees who were
hired to perform direct labor
tasks. This is a total of columns
2 and 4.

The philosophy of the company
using the report was originally
based on a two-pronged approach:
1. monitoring percentage effi
ciency (Column 3),
2. controlling the amount charged
to the indirect category (Col
umn 4).
The company found, however,
that a dual approach to control
tended to dilute the effectiveness of
the report. Column 3 in Period 4,
for example, shows some high per
centages of efficiency. Because of
this, there had been a tendency to
downplay the importance of the
charges made to the indirect cate
gory in Column 4.
November-December, 1972

3,020

20,991

A

193

984

6.951
5.091

B

1,013
1,222

8,342

8.238

C

7,686

6.289

D

592

3,979

6.713

Total

Period 4
3,529

19,797

5.609

A

200

898

4.487

B

1,070

7,373

6.889

C

1,739

8,137

D

520

3,389

4.680
6.467

Total

The earned hours are the same as those shown on the Productivity
Trend Control Report.
Total Conversion Cost represents all manufacturing cost except ma

terial. (Although material is an important part of production, it is
not considered conversion costs.)

Conversion

Cost

per

Earned

Hour

is

calculated

by

dividing

the

earned hours into the total conversion cost.

For this reason, management
turned to a single indicator of over
all efficiency shown in Column 6.
This was obtained by dividing the
earned hours in Column 1 by the
total actual direct labor hours in
Column 5.
Note, when this is done, that the
103.7 per cent shown for Cost Cen
ter A (Period 4) becomes 57 per
cent on an overall basis. The 101.0
per cent for Cost Center B becomes
34 per cent. The reason for the low
er percentages, of course, is that the
base for calculating them is broader
since it includes all direct labor
hours rather than only that portion
which was utilized on standard
work.
This does not mean that Columns
3 and 4 should no longer be used
for control purposes. On the con
trary, the information contained in
these is very helpful in pinpointing
the reason for low productivity of

labor, once the overall indicator
identifies the areas requiring imme
diate attention.
Measurement of productivity is
not limited to direct labor alone;
total conversion costs — direct —
labor plus burden — should be
monitored in a similar manner.
Measurement of Conversion Cost.
One approach in monitoring con
version costs is to use the earned
hours in each period as a base for
determining the conversion cost per
earned hour, as is demonstrated in
Exhibit 5 shown above.
Over the four periods, all of
which represent an actual company
situation, it will be noted that there
is an inverse relationship between
volume, as represented by earned
hours, and conversion cost per
earned hour, as represented by the
third column.
Note that the total conversion
cost per earned hour drops from
23

Productivity lies in the eye of the beholder. To the labor leader it's one thing;
to the economist another; to the industrial engineer still a third.

It is hoped that this article

has given some indication

that rises in productivity and
the costs associated with

them cannot be measured too

simply, that too many factors
enter into consideration for

a simplistic solution to the

problems of measurement.
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$7,710 in the first period to $5,609
in the fourth period — while the
volume of activity increases from
2,608 earned hours in the first period
to 3,529 in the fourth period.
The most common “impulse” ex
planation would be that this is
caused by the fixed portion of con
version costs which become smaller
per earned hour as volume in
creases. This is not so, in this case,
because the fixed overhead seg
ment of cost in this operation is
unusually small—too small to have
so great an impact.
What causes this behavior, then?
To determine the answer to this,
note that conversion costs are rela
tively fixed at $20,000 per period,
while earned hours range from
2,601 to 3,529. (The small variation
in total dollars of conversion cost
is due to changes in product mix.)
Implicit in all this is the assump
tion that rises in productivity can
never be ascribed to any one
source. Productivity, in a sense, lies
in the eye of the beholder. To the
labor leader any rise in production
with a fixed amount of man-hours
of input is a productivity increase
regardless of changed methods,
higher volume of production, new
materials used in the production
process. To the economist, alter
natively, a rise in productivity is
anything that causes the finished
price per unit to drop for the con
sumer while the amount of man

hours of input remains the same. To
the industrial engineer a rise in
productivity means that the worker
— through improved methods or
maybe just more work per hour —
is producing more for the same
effort.
It is hoped that this article has
given some indication that rises in
productivity and the costs asso
ciated with them cannot be meas
ured so simply, that too many fac
tors enter into consideration for a
simplistic solution to the problems
of measurement. But the lack we
find most often in the more sophis
ticated measurement techniques is
the tendency of management to ig
nore the very real and direct effect
of volume on the efficiency of labor
and on material costs. Obviously,
anyone will agree that material
costs will be affected by volume —
at least he will after considering
the question.
But the realistic business execu
tive interested in improving his
company’s profitability must be able
to distinguish between productivity
resulting from improved methods
of manufacture or individual worker
efficiency and productivity resulting
from increased volume which can
itself cause an apparent rise in
worker efficiency. To blindly use
a productivity indicator without
careful analysis of the underlying
influences behind it will not assure
profitable operations.
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